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INTRODUCTION 


This study of skyline tensions was prompted by the need for information 
on the capabilities of multispan skylines. As the study progressed, it was found 
that gaps existed in the information available on single-span skylines. It was 
also found, through parallel engineering studies on skyline logging, that single- 
span skylines were destined to find increased application. For that reason, it 
was decided to greatly supplement the information on single-span skylines so 
as to facilitate their efficient use and, similarly, to develop essential multispan 
skyline techniques. 


Several researchers have investigated skyline cableways as used in the 
logging industry. Most previous applications required tedious and complex 
mathematical procedures. W. A. Davies—’ presented one of the most usable 
studies to date by transforming the analytical work of R. Mills —’ into tables 
and graphs which could be readily applied for solutions of single-span skyline 
problems. The loaded tension and deflection information in this study is an 
extension of Davies' work. 


The mathematics of a catenary loaded at one point is treated fully by 
Mills (footnote 2) and is therefore omitted from this report. Unloaded catenaries 
are generally treated in most texts on analytical mechanics and are therefore 
also omitted. 


The mathematics involved in deriving preload tensions in single-span 
skylines is an extension of basic knowledge on catenaries and stress/strain 
relationships of wire rope. The procedure shown for determining tensions in 
multispan skylines has no direct mathematical derivation since the equilibrium 
equations involved can only be solved by iteration. 


GENERAL SKYLINE ENGINEERING 


A rule to keep in mind, when planning a skyline, is that the capacity of 
a skyline to support a load generally increases with an increase in deflection, 
or sag of the line. A skyline with no deflection has no load-carrying ability. 
Actually, such a skyline cannot exist because its own weight causes some 
deflection. 


if Davies, William Albert. Development of graphical and tabular 
methods of determining tension in logging skylines. 28 pp., illus. 1946. 
(Unpublished graduate thesis on file at College of Forestry, University of 
Washington, Seattle. ) 


2 
ay Mills, Russell. Tensions in logging skylines. Univ. Wash. Eng. 
IDG, Sua. lekwulll, OO, SO jxyoo, why 1952. 


Skyline problems are approached in this report by first determining the 
skyline deflection that the terrain will allow and then finding the payload capa- 
bility of the skyline at this deflection, using the tables or graphs in this report. 


The problem of determining the allowable skyline deflection is best 
solved graphically. Tools needed are a drafting board, a length of chain, pins, 
a weight, and rectangular coordinate paper (large sheets or roll). It should be 
remembered that accuracy of graphical solutions gets better as the size of the 
layout is increased. A beaded chain, such as used on pull-type light sockets, 
or a fine-link chain is used to simulate the skyline catenary. For multispan 
problems, pins should be of sufficient diameter to allow the chain to feed freely 
between spans. Tacks, called push-pins, which have an elongated head, work 
well. The hook and weight, which simulate the carriage and payload, can be 
made from a paper clip and a rubber eraser. 


Information about the terrain is needed to plot a profile of the skyline 
road. Important factors are the slope and the position of obstructions which 
will limit skyline defiection. Field notes, topographic maps, and stereophoto- 
graphs are sources of profile data. A good approach to skyline planning is to 
perform preliminary design with the data available and then make a field check 
of the logging area to insure validity of the plan. 


Figure | illustrates the important features of a single-span skyline or 
an intermediate span of a multispan skyline. This figure is also used to sup- 
plement the definitions of certain terms as used in this report which are listed 
below: 


1, Support spar--spar tree, or mast, used to support skyline. The end 
supports are the headspar (at the landing) and the tailspar (at the 
other end of the skyline). Multispan skylines have additional inter- 
mediate supports which may be spars or cross cable supports. 


2. Chord--a straight line between the skyline support points on the 
spars of a span. 


3. Deflection--the vertical distance between the chord and the skyline. 
At the load, this is called the loaded deflection. 


4, Clearance--the vertical distance below the skyline for the carriage, 
chokers, logs, and a desired ground clearance. 


For a catenary loaded at one point, as is the case for a logging skyline, 
the maximum tension always occurs at the upper end of a sloping span. Fora 
level skyline, the maximum tension occurs when the load is at midspan. On 
sloping skylines, the position of the load producing the maximum tension shifts 
slightly from the center in the direction of the lower end. However, for slopes 
up to 120 percent, the difference between the tension produced when the load is 
at the maximum tension position and that produced when the load is at midspan 
is negligible. Therefore, to simplify the mathematics, tension and deflection 
information presented in this report is based on a midspan load. 
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Figure |.--Typical span of a logging skyline. 


When the load is moving along a skyline, it is controlled by main and 
haulback lines or a snubbing line attached to the carriage. However, during 
log pickup, some carriages clamp to the skyline, whereas others are snubbed 
by a control line. The upper-end tension occurring when the load is clamped 
to the skyline is greater than that produced when the load is snubbed by a line, 
because the snubbing line supports the tangential component of the load. Pro- 
cedures are given for obtaining tension due to the load when either a snubbing 
line or a carriage which clamps to the skyline is used. For the case ofa 
clamping carriage, the analysis was performed with the assumption of a slack 
snubbing line. Skyline tension with a tight snubbing line cannot be presented 
in a general manner and is, therefore, not included. 


The results contained in this report were determined by analyzing the 
mechanics of a skyline as a problem in statics, with no consideration given to 
the effect of load accelerations or impacts due to hangups. A minimum safety 
factor of 3 is recommended for skyline designs to account for these effects. 

The elastic limit of wire rope is approximately one-half of the breaking strength, 
which means that, if the rope is worked at a safety factor of approximately 2 
or less, destructive stretch will occur. 


SINGLE-SPAN SKYLINES 


This section presents a detailed procedure for determining capability of 
single-span skylines, followed by some sample problems illustrating the use of 
the worksheet and the tables and graphs contained in this report. The sample 
problems are not to imply any recommendation of equipment, span lengths, 
slopes, or other properties of a skyline. These features are important to the 
engineering job but are beyond the scope of this report and are left to the exper- 
ience of the logging engineer or to other publications on skylines. 


The procedure, as mentioned previously, is divided into a graphical 
determination of the maximum allowable loaded deflection and a mathematical 
determination of the payload capability. The graphical procedure explained 
here was taken from '''Forest Engineering Handbook'! =’ and has been modified 
by subtracting clearance at the spar trees rather than below the chain. When 
this is done, adequate clearance is available as long as the chain at the load 
point remains above the ground profile line. The following graphical procedure 
is shown on figure 2: 


1. On rectangular coordinate paper attached to a drawing board, select 
a convenient scale (i.e., 1 inch = 100 feet) and draw profile of ground. 


2. Select trial location for headspar and tailspar. Draw vertical lines 
to represent the spars. Estimate the height of skyline supports on 
each spar tree. 


3. Determine minimum vertical clearance between skyline and ground 
for carriage, chokers, logs, and ground clearance, Subtract this 
clearance from the support height on the spar trees as shown in 
figure 2. Mark these points. 


4, Draw a straight line (the chord) between these points and draw a 
vertical line at the midspan position. 


5. Place a pin at each point marked on the spars and place a chain over 
the pins. Position the pins so that the chain crosses the spars at 
the marks. Figure 2 shows the method of stringing the chain. The 
upper end is secured on the pin at the upper spar, and the lower end 
is attached to a pin beyond the lower spar. This pin is secured in 
any position below the lower spar at this stage. 


6. Place the drawing board in a vertical position, and hook the weight 
over the chain. 


=} Pearce, J. Kenneth. Forest engineering handbook. U.S. Bur. Land 
Manage., Oreg. State Off., 220 pp: illus. “L961 


Figure 2.--Profile plot for determining allowable deflection. 


7. Change the position of the pin at the lower end of the chain so that 
the chain at the weight just clears the ground profile. 


8. Move the weight along the chain. Whenever the chain at the weight 
goes below the ground profile, adjust the lower pin so that the chain 
just clears the profile. Check entire span in this manner. 


9. Move the weight to the midspan position and measure the vertical 
distance between the chain and the chord, which is the deflection. 
Obtain the percent allowable loaded deflection by dividing the de- 
flection by the horizontal distance between supports and multiplying 
by 100. 


The remainder of the problem consists of computing payload capability 
and unloaded tension. The computation is based on selecting a wire rope size 
and, with the allowable loaded deflection and the curves and tables contained in 
this report, performing a series of calculations which will result in the desired 
information. A worksheet (fig. 30) is provided to keep the following steps in 
their proper order: 


1. From the skyline profile, determine: 
a. the allowable loaded deflection, which is the loaded 
deflection at midspan 
b. the horizontal span length 
c. the slope of the span. 


2. Select a wire rope size and determine, from a wire rope catalog or 
table 1, the weight per foot of cable and the breaking strength. 


3. Select a factor of safety. Determine the safe working load by dividing 
the breaking strength by the factor of safety. 


4, Determine the carriage weight. The data included in these first three 
steps should be entered on the worksheet under "GIVEN, "' 


5. Enter the safe working load in kips (1 kip = 1,000 pounds) on the 
worksheet. 


6. Determine the upper-end tension due to cable weight. This is done by 
first consulting figure 11 or table 2. Figure 11 is a plot of some of 
the information in table 2, and the reader will find that a higher degree 
of accuracy can be obtained from table 2. The slope and deflection 
are used to determine the tension in kips per station —’ per pound of 
cable weight per foot. This value is converted to tension in kips by 
multiplying by the number of stations and the cable weight per foot 
as indicated by the worksheet. This tension is subtracted from the 
safe working load to determine the remaining tension capability of 
the cable. 


7. Gross load capability is determined by dividing the remaining tension 
capability by the tension in kips per kip of load. At this point, it is 
necessary to select which load condition is applicable--figure 12 
(table 3) for tension due to load when the loaded carriage is unclamped 
and partially supported by a snubbing line or figure 13 (table 4) when 
the load is clamped to the skyline. The resulting gross load capa- 
bility is reduced by the carriage weight to find the net payload capa- 
bility or weight of logs that can be safely suspended. 


If the payload determined at this point is not satisfactory, the whole 
procedure must be repeated. A larger diameter wire rope may support a 
heavier load but will also use up part of its additional capability in supporting 
its own weight. If an improved plow-steel rope was used in calculations leading 
to an insufficient payload capability, a trial with extra-improved,plow-steel rope 
will show that, for a particular size rope, the tension capability is increased 
about 15 percent. All of this increased capability goes to payload capability 
since the weight of the rope stays the same. 


Changes in rope may still prove to yield an unsatisfactory payload and, 
if this is the case, changes in the profile must be made. The first logical step 


4 
af One station equals 100 feet. 


is to see if more deflection is available by shortening the logs and/or chokers. 
If this fails, the only thing left to do is to shorten the span length by selecting 
new positions for the spar trees and proceed through the graphical and mathe- 
matical procedures again. 


When a satisfactory payload capability has been found, the final step is 
to determine the tension required in the unloaded skyline to give the allowable 
loaded deflection at the maximum payload previously determined. This is done 
by completing the worksheet as outlined below: 


1. Calculate the load factor by dividing the remaining cable tension 
capability in kips by the tension due to cable weight in kips per 
station and enter the allowable loaded deflection on the worksheet. 


2. Determine the change in deflection due to removing the load by 
selecting one of the figures between figures 14 and 29. Each of 
these figures is for a specific loaded deflection. The figure is 
used by entering the horizontal axis at the load factor determined 
above, going up vertically to the proper span slope, and then going 
horizontally across to the change in deflection. 


3. The unloaded deflection is then determined by subtracting the change 
from the loaded deflection. 


4, Unloaded tension at the upper end is determined by entering figure 11 
or table 2 with the slope of the span and unloaded deflection. The 
resulting tension in kips per station per pound of cable weight per 
foot is then multiplied by the number of stations and the weight of 
the cable per foot, 


The unloaded tension curves (figs. 14 to 29) apply to wire rope witk a 
modulus of elasticity of 14,000,000 p.s.i. Cables generally used for skyline 
logging have approximately this elastic modulus. 


Values of unloaded tension and deflection are helpful in pretensioning 
the skyline where suitable instrumentation is available to obtain these readings. 
If the skyline is set up with more than the unloaded tension determined above, 
tensions occurring when the skyline is loaded to its designed capability will 
violate the safety factor and may result in cable failure. It is recommended 
that a suitable tension indicator be employed when setting up a skyline. If it 
is more convenient to make measurements at the lower end of the span, the 
lower-end unloaded tension can be determined by subtracting the cable weight 
per foot times the elevation between supports from the upper-end unloaded 
tension, 


Table 5 presents the ratio of catenary length to the horizontal span 
length. Multiplying this ratio by the horizontal span length gives the length of 
the unloaded skyline. In estimating the length of wire rope required for the 
skyline, allowance must be made for the added lengths beyond the headspar 
and tailspar as well as any necessary wraps at the ends. 


Single Span, Example Number 1 
Problem 


A logger has a quantity of 1-1/2-inch-diameter, extra-improved, plow- 
steel wire rope and a nonclamping carriage weighing 5,000 pounds. He wants 
to use this equipment on a skyline setting and has data to make a profile plot. 


The problem is to determine the payload capability of the skyline with a safety 
factor Of 3. 


Solution 


A profile plot of the cableway is drawn, following the instructions in the 
text, from which the information below is obtained: 


Horizontal distance between supports 3, 000 feet 
Elevation between supports 2,100 feet 
Allowable midspan deflection 500 feet 


A worksheet (fig. 3) is used to obtain a payload capability of 30,100 
pounds and an unloaded tension of 23, 200 pounds. 


— 


DETERMINE FROM SKYLINE PROFILE: 
Allowable loaded deflection 
Horizontal span length (one station = 100 feet) 


Slope of span 
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Cable: Diameter 12 inches Weight 4.16 pounds/foot 
Breaking strength 228 kips (1 kip = 1,000 pounds) 
Factor of safety ae Le Safe working load 76 kips 
Skyline carriage weight Ss kips 
DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) 
Subtract tension due to cable weight (fig. 11 or table 2): 
O.S6F kips/sta./1b./ft. x 30 stations x 4G is. tt. 
Remaining cable tension capability 
DETERMINE GROSS LOAD CAPABILITY: 


Remaining tension capability GSS kips 
Tension/kip of load* A.S4kips/kip 


Subtract carriage weight 


Payload capability 
DETERMINE UNLOADED DEFLECTION: 
Calculate load factor: 


Remaining cable tension capability SES kips 
Tension due to cable weight0.J6Y kips/sta./lb./ft. x ¥.46 1b./ft. 


Allowable loaded deflection 
Subtract deflection change with load removed (figs. 14 to 29) 


Unloaded deflection 


DETERMINE UNLOADED TENSION USING UNLOADED DEFLECTION (fig. 11 or table 2) 


OANEkxips/sta./1b./ft. x JO stations xf IM pounds/ foot 


“Use figure 12 or table 3 when load is not clamped and is partially 


Unit No. 


Skyline Road No. 


16. 7 percent 
30 stations 


WA percent 


VAS 7 percent 


= 3./ percent 
SS 


13.¢ percent 


23. Z kips 


supported by a 


snubbing line. Use figure 13 or table 4 when the load is clamped to the skyline. 


- 


Figure 3.--Single-span skyline worksheet (example 1). 


Single Span, Example Number 2 
Problem 


A profile plot of a skyline road yields the following information: 


Horizontal distance between supports 2,500 feet 
Elevation between supports 1,570 feet 
Allowable midspan deflection 200 feet 


The problem is to determine what size extra-improved, plow-steel 
wire rope is required for a payload of 9,000 pounds. A nonclamping carriage 
weighing 700 pounds is to be used. The safety factor is 3. 


Solution 


The first trial is performed, assuming a l-inch-diameter wire rope, 
which results in a payload of 5,900 pounds. Next, a 1-1/2-inch-diameter wire 
rope is tried, which results in a payload of 13,600 pounds. A plot of payload 
versus diameter is made with a straight line between the two points obtained 
from the first two trials above. (The straight line is an approximation of the 
actual curve of payload versus diameter but is fairly close in most cases and 
reduces the number of trials required in this type of problem.) This plot indi- 
cates that 1-1/4-inch-diameter cable should provide the desired payload. 
Figure 4 shows the computations on a worksheet for this problem with a 1-1/4- 
inch cable, which results in a payload of 9,400 pounds. 


MULTISPAN SKYLINES 


Figure 5 illustrates the important features of a multispan skyline. The 
method for determining the capability of multispan skylines is quite similar to 
that used for single spans and allows use of the same procedures. As in 
single spans, the procedure consists of a graphical determination of allowable 
deflection followed by a mathematical determination of payload capability. The 
multispan problem is more difficult, because a payload determined from one 
Span may produce a higher maximum cable tension when it is in some other 
span. This phenomenon has no direct mathematical solution, and a precise 
answer would require a tedious iterative process for each multispan configura- 
tion. An approximate method for determining the capability of all spans ina 
multispan skyline has been devised which will give reasonably accurate results 
if performed carefully. The use of this approximate method is recommended, 
as the logging engineer could not justify the time and cost required to obtain a 
precise solution for each skyline. Before we get into the details of the procedure 
for multispans, the problem and method of solution will be discussed. 
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DETERMINE FROM SKYLINE PROFILE: 
Allowable loaded deflection 
Horizontal span length (one station = 100 feet) 


Slope of span 


WY 


Cable: Diameter / 4 inches Weight 2.89 pounds/foot 


Breaking strength 1SG.Bxips (1 kip = 1,000 pounds) 


Factor of safety Si Safe working load SP-3 kips 


Skyline carriage weight O. 7 kips 
DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) 
Subtract tension due to cable weight (fig. 11 or table 2): 
0.258 kips/sta./lb./ft. x 2S stations x ZB ibs. /ft. 
Remaining cable tension capability 
DETERMINE GROSS LOAD CAPABILITY: 


Remaining tension capability 3Y, @ kips 
Tension/kip of load* 3.¢¥Kips/kip 


Subtract carriage weight 
Payload capability 
DETERMINE UNLOADED DEFLECTION: 


Calculate load factor: 


Remaining cable tension capability FSF 7 kips 


Unit No. 


Skyline Road No. 


1S. percent 


2 S§ stations 
GC 3 percent 


53.3 kips 


- 18. (4 kips 


SH. Z kips 


10.4 ips 


Tension due to cable weightQ.Z¥@ kips/sta./lb./ft. x 2.89 1b./ft. 


Allowable loaded deflection 


Subtract deflection change with load removed (figs. 14 to 29) 


Unloaded deflection 


& percent 


= 2.8 percent 
5. 4 percent 


DETERMINE UNLOADED TENSION USING UNLOADED DEFLECTION (fig. 11 or table 2): 


O.F7Zkips/sta./1b./ft. x 2 stations x 2.89 pounds /foot 


Z6. 7 kips 


“Use figure 12 or table 3 when load is not clamped and is partially supported by a 
snubbing line. Use figure 13 or table 4 when the load is clamped to the skyline. 


Figure 4.--Single-span skyline worksheet (example 2). 
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Figure 5.--Typical multispan logging skyline. 
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The general approach to the problem is one which considers the loaded 
multispan skyline. At any time, the load will be in only one span, and the line 
will have a certain loaded deflection and tension. When only this span is con- 
sidered, it does not matter whether it is a single span or part of a multispan 
from the support trees inward. The tensions produced at the ends of this span 
are the same as those produced in a single span with the same load, slope, wire 
rope size, and deflection. However, the tension at the upper end of this span 
is not the maximum tension in the multispan unless it is the top span. To obtain 
the maximum tension in a multispan with a load in one of the lower spans, use 
is made of the mathematical property of a catenary that the difference in tension 
between any two points along the catenary is equal to the difference in height of 
the points multiplied by the unit weight of the cable. This means that the dif- 
ference in tension at the ends of an unloaded span is equal to the difference in 
elevation of the supports in feet times the weight per foot of cable. From this, 
it follows that the difference in tension from the top of a loaded span to the top 
of a multispan is the difference in elevation times the unit cable weight, regard- 
less of the number of spans between. Similarly, the tension decreases from 
the lower end of a loaded span to the lowest point. on the skyline; but, since we 
are looking for the effect of the maximum tension, we need only be concerned 
with the loaded span and the spans above the loaded span. 


When a span of a multispan is considered in this way, the payload of 
this span can be determined by, first, finding the allowable deflection in the 
span graphically and, then, using the tables and graphs to determine the pay- 
load capability based on a cable working load in exactly the same way as a 
single-span problem. However, when this payload is moved to the center of 
another span in the multispan, it is possible that the cable working load will 
be exceeded. The problem is handled by adjusting the chain length and the 
weight used in the graphical analysis so that the chain closely approximates 
the loaded skyline cable. This allows transfer of the weight to various spans 
to determine their respective payload capabilities. The smallest payload 
determined in this manner is the payload capability of the entire multispan. 


The graphical part of the procedure for establishing the payload capa- 
bility of a multispan is illustrated in figure 6 and consists of the following steps: 


1, On rectangular coordinate paper attached to a drawing board select a 
convenient scale and draw a profile of the ground. 


2. Select trial location for support spars and estimate height of skyline 
supports above ground. 


3. Determine minimum vertical clearance between skyline and ground 
for carriage, chokers, logs, and ground clearance. Subtract this 
clearance from the support height on the spar trees as shown in 
figure 6. Mark these points. 


4, Draw straight lines (chords) between points on adjacent spars. Also 
draw a vertical line at the midspan positions and number the spans 
starting with the top span. 
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10. 


Ml 


. Place a pin at each point marked on the spars and string a chain over 


the pins. The upper end is secured to the upper spar pin and the lower 
end is attached to a pin beyond the lower spar. This pin is secured in 
any position below the lower spar at this stage. Adjust the pins so 
that the chain crosses the spars at the marks. 


. Place the drawing board in a vertical position and hook a small weight 


over the chain. 


. Change the position of the pin at the lower end of the chain so that the 


chain at the weight just clears the ground profile. 


. Move the weight along the chain. Whenever the chain at the weight 


goes below the ground profile, adjust the lower pin so that the chain 
just clears the profile. Check all spans in this manner. 


. Place the weight at the center of span number 2 (the span next to the 


upper span). Examine the deflection in the upper span and obtain the 
percent deflection (vertical midspan deflection divided by horizontal 
span length). 


Obtain the percent deflection that the upper span should contain based 
on the working load of the wire rope from either figure 7 or the 
relationship: 


Sodas 
where: T = upper end tension (kips/sta/1b/ft) 
S = horizontal span length in stations (1 station = 100 feet) 
W = cable weight (lb/ft) 
B.S. = breaking strength of wire rope (kips) 
S. i= satety factor 


Solve for T and consult figure 11 or table 2 for percent deflection. 


Figure 7 is based on a 1-1/2-inch-diameter, extra-improved, plow- 
steel wire rope worked to a safety factor of 3. There is a minor 
deviation from the values shown for other rope sizes, but the deviation 
is within the accuracy of the graphical solution. 


If the percent deflection in the upper span of the graphical analysis 
is different from what it should be, the weight must be adjusted. To 
obtain more deflection in the upper span, remove some weight or, 

to obtain less deflection, add some weight. If the amount of weight 
is changed, it is necessary to readjust the chain (steps 7 and 8) and 
then recheck the upper-span deflection (steps 9, 10, and 11). 
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12. Place the weight in the center of each span and obtain the percent 


DEFLECTION (PERCENT ) 


deflection (vertical midspan deflection divided by horizontal span 
length). Also obtain the slope, horizontal span length, and eleva- 
tion between top of span and top of skyline. 
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Figure 7.--Deflection vs. span length for various span slopes (unloaded 
catenary with 1-1/2-inch-diameter, extra-improved plow-steel wire 
rope stressed to one-third breaking strength). 


This concludes the graphical phase of the analysis. The rest of the 
problem is performed with the aid of the multispan worksheet (fig. 31). A 
separate worksheet is required for each span. The steps for each span are 


as follows: 
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Enter the following information from the profile plot: 
a. the span number 
b. the loaded midspan deflection 
c. the horizontal span length 
the slope of the span 
. the vertical distance from the top of the span to the top 
of the skyline. 


o a 


. Select a wire rope size and determine, from a wire rope catalog 


or table 1, the weight per foot of cable and the breaking strength. 


. Select a factor of safety and determine the safe working load by 


dividing the breaking strength by the factor of safety. 


4, Enter the carriage weight on the worksheet. (Steps 2, 3, and 4 are 
the same for all worksheets. ) 


5. Enter the safe working load on the worksheet. 


6. Determine the tension capability loss from the top of the skyline to the 
top of the span in question by multiplying the vertical distance from 
top of span to top of skyline by the unit cable weight and subtract this 
from the safe working load. 


7. Use figure 11 or table 2 to obtain the tension due to cable weight in 
kips per station per pound per foot; then multiply this by the number 
of stations and the unit cable weight. Subtract this tension from the 
safe working load to determine the remaining tension capability. 


8. Next, calculate the gross load capability of the line by dividing the 
remaining tension capability by the tension per kip of load obtained 
from figure 12 or table 3 when the load is not clamped and is par- 
tially supported by a snubbing line, or from figure 13 or table 4 
when the load is clamped to the skyline. 


9. Subtract the carriage weight from the gross load capability to obtain 
the payload capability for this span. 


Capability of each span is determined in this way, and the minimum capa- 
bility is the capacity of the multispan. If the payload capability is insufficient, 
increase the deflections by reducing the clearance (if possible), use a larger 
rope size, or change the number and/or locations of the support trees. An 
excessive payload capability suggests that a smaller rope can be used or, pos- 
sibly, that some intermediate supports can be deleted. 


Obtaining the unloaded tension to properly set up a multispan skyline is 
tedious and complex, involving a consideration of the equilibrium transition from 
the loaded to the unloaded condition. The influence of cable elasticity as well 
as feed-over between spans requires an iterative solution for each configuration. 
Since no convenient way has been found to present data applicable to general 
situations, the experience and judgment of the logging engineer must be employed 
in the solution of this problem. Probably the most reasonable approach to ob- 
taining the required unloaded tension is to attach the capacity payload to the 
carriage in the critical span and then tighten the line until the tension reaches 
the working load. When the load is removed, the cable is at the proper unloaded 
tension. This method requires use of a tension indicator. 
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Multispan, Example Number 1 


Problem 


It is desired to rig a 1-5/8-inch-diameter skyline on a convex slope. The 
overall horizontal yarding distance is 2,660 feet, and the vertical difference in 
elevation is 1,420 feet. 


Solution 


A profile plot of the slope is drawn, and the plot indicates that three 
spans will be required. After stringing the chain and adjusting the weight 
according to the directions in the text, the following dimensions are determined 
from the plot: 


Span 1 (upper span) 


Horizontal span length 1,050: feet 
Elevation between supports 200 feet 
Loaded-midspan deflection 57 feet 


Span 2 (intermediate span) 


Horizontal span length 840 feet 
Elevation between supports 470 feet 
Loaded-midspan deflection 60 feet 


Span 3 (lower span) 


Horizontal span length 770 feet 
Elevation between supports 750 feet 
Loaded-midspan deflection 77 feet 


A safety factor of 3 is applied to the extra-improved, plow-steel wire 
rope, and a nonclamping carriage weighing 3,000 pounds is to be used. 


This information and three multispan worksheets (see figs. 8, 9, and 10) 
are used in calculating the capability of each span. The three spans are found 
to have capabilities of 13.2, 17.1, and 20.3 kips, which limits this skyline to 
a payload of 13.2 kips. 
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Unit No. 


Skyline Road No. 


DETERMINE FROM SKYLINE PROFILE: 


Span location Span No. / 


i 


Loaded-midspan deflection 5H percent 


Horizontal span length (one station = 100 feet) POVGE seacions 


Slope of span 19 percent 


Vertical distance from top of span to top of skyline = feet 


GIVEN: z 
Cable: Diameter i ee Weight S EE pounds /foot 
Breaking strength 264 kips (1 kip = 1,000 pounds) 4 
Factor of safety ech Safe working load é8_ kips | 


Skyline carriage weight <S. kips 


DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) E 
Subtract tension between span and top of skyline: 

Verticaladisitance: i i ft. x Ue Tbsiai/itt./ 11,000 
Safe working load at top of span 


Subtract tension due to cable weight (fig. 11 or table 2): 


O.2SS kips/sta./1b./ft. x /O.F& stations x AGF 1b./ft. 


Remaining cable tension capability ZLF kins 


DETERMINE GROSS LOAD CAPABILITY: 


Remaining tension capability 749 kips 16.2 kips 
Tension/kip of load* AGZ kips/kip : 


Subtract carriage weight = kips 
Qe) 


Payload capability of span ABFA kips 


*Use figure 12 or table 3 when load is not clamped and is partially supported by i 
snubbing line. Use figure 13 or table 4 when load is clamped to skyline. 


Figure 8.--Multispan skyline worksheet (example 1, span 1). 
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Unit No. 


Skyline Road No. 


DETERMINE FROM SKYLINE PROFILE: 


Span location Span No. 2 


Loaded-midspan deflection VA / percent 


Horizontal span length (one station = 100 feet) &. Aegis 
Slope of span S56 percent 
Vertical distance from top of span to top of skyline ZOO feet 


GIVEN: 
cay fA, 


Cable: Diameter Pla ne Weight ¥ G8 pounds/ foot 
Breaking strength 26¢ kips (1 kip = 1,000 pounds) 
Factor of safety adie Safe working load BE kips 
Skyline carriage weight Be kips 
DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) ES kips 
Subtract tension between span and top of skyline: 

Vertical distance ZOO ft. x HBG lbs./ft./1,000 - AQ kips 
Safe working load at top of span PZ.O kips 
Subtract tension due to cable weight (fig. 11 or table 2): 

0.266 kips/sta./1b./ft. x 8. YF stations x fBB1d./ft. - 10.9 xips 
Remaining cable tension capability 76./ kips 
DETERMINE GROSS LOAD CAPABILITY: 


Remaining tension capability 76./ kips 2o/ kips 
Tension/kip of load* 3, 7Pkips/kip 


Subtract carriage weight - cs kips 


Payload capability of span AG-f Kips 


“Use figure 12 or table 3 when load is not clamped and is partially supported by 
snubbing line. Use figure 13 or table 4 when load is clamped to skyline. 


Figure 9.--Multispan skyline worksheet (example 1, span 2). 
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Unit No. 


Skyline Road No. 


DETERMINE FROM SKYLINE PROFILE: 
Span location Span No. 3 


Loaded-midspan deflection 4O percent 


Horizontal span length (one station = 100 feet) L-7 stations 

Slope of span GLA percent 

Vertical distance from top of span to top of skyline 679 feet 
GIVEN: a 

Cable: Diameter Ee weight £88 pounds/foot 


Breaking strength 2 6Y kips (1 kip = 1,000 pounds) 


Factor of safety een Safe working load 8s kips 
Skyline carriage weight Oe kips 
DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) 


Subtract tension between span and top of skyline: 


Vertical distance 67O ft. x +. 88 1lbs./ft./1,000 


Safe working load at top of span 


Subtract tension due to cable weight (fig. 11 or table 2): 


0.302 kips/sta./1b./ft. x ZF stations x $BB 1b./ft. -J/4.3 ips 


: 
Remaining cable tension capability Ld $Y kips ; 


DETERMINE GROSS LOAD CAPABILITY: 


Remaining tension capability 7#Y kips 2ZRZ kips 
Tension/kip of load* 3,/S kips/kip 


Subtract carriage weight mes kips 
= 


Payload capability of span 20-3 kips 


*Use figure 12 or table 3 when load is not clamped and is partially supported by 
snubbing line. Use figure 13 or table 4 when load is clamped to skyline. 


Figure 10.--Multispan skyline worksheet (example 1, span 3). 
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Multispan, Example Number 2 


Problem 


A skyline road has a profile containing roughly 3,000 feet at a slope of 
30 percent at the upper end followed by 1,400 feet at a slope of 65 percent at 
the lower end. A 1-1/4-inch-diameter, extra-improved, plow-steel wire rope 
at a safety factor of 3 is to be used in conjunction with a 1, 200-pound carriage 
which clamps to the skyline. A payload capability of 9,000 pounds is necessary 
for this setting. 


Solution 


The profile is laid out and a trial is made with three spans. The chain 
is strung, the weight is adjusted, and the following dimensions are obtained: 


Span 1 (upper span) 


Horizontal span length 1,470 feet 
Elevation between supports 380 feet 
Loaded-midspan deflection 80 feet 


Span 2 (intermediate span) 


Horizontal span length 1,530 feet 
Elevation between supports 510 feet 
Loaded-midspan deflection 90 feet 


Span 3 (lower span) 


Horizontal span length 1,400 feet 
Elevation between supports 910 feet 
Loaded-midspan deflection 100 feet 


Three worksheets are used to determine the payload capabilities of 
these spans which are 7.3, 7.5, and 7.5 kips, respectively (the computations 
are left as an exercise for the reader). This gives a capability of 7.3 kips for 
the skyline. 


Since this is below the desired capability, a trial with four spans is 
next attempted. The positions of the supports on the profile plot are changed 
and the chain and weight are adjusted, resulting in the following: 


Span | 
Horizontal span length 940 feet 
Elevation between supports 280 feet 
Loaded-midspan deflection 80 feet 
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Span 2 


Horizontal span length 870 feet | 

Elevation between supports 220 feet 

Loaded-midspan deflection 65 feet 
Span 3 | 

Horizontal span length 1, 300 feet | 

Elevation between supports 450 feet 

Loaded-midspan deflection 100 feet | 
Span 4 

Horizontal span length 1,290 feet 

Elevation between supports 850 feet 

Loaded-midspan deflection MMO rteet 


Proceeding through four worksheets (again left as an exercise) results 
in span capabilities of 13.7, 12.0, 10.9, and 9.6 kips, respectively, which 
results in an overall capability of 9.6 kips. 


(56) 


APPENDIX 


Table 1.--Typical skyline wire rope specifications 
(6x19, 6x21, or 6x25 twrcl/) 


Cable 
dimensions 


Improved 
plow steel 


Extra-improved 
plow steel 


Weight 
per foot 
(pounds) 


Safe 
working load2/ 


Safe 
working load2/ 


Diameter 
(inches) 


Breaking 
strength 


Breaking 
strength 


Kips Kips Kips Kips 

1/4 0.116 1.96 5.88 2.27 6.80 

5/16 18 3.05 9.16 3.51 10.54 
3/8 26 4.37 MWS} 5d 5.0 seal 
7/16 »35 D393 17.78 6.8 20.4 
1/2 46 Vouk 23.0 8.9 26.6 
9/16 59 9.7 29.0 V2 S815 
5/8 72 12.0 36.0 ALS} 7/ 41.2 
3/4 1.04 Iu7foal Dil 19.6 58.8 
7/8 1.42 23:61 69.2 26155 79.6 

1 1.85 30.0 90.0 34.5 103.4 
1-1/8 2.34 37.7 Ise 72 43.3 130.0 
ays 2.89 43.3 130.0 ce) 159.8 
1-3/8 3.50 55.7 167.0 64.0 192.0 
1-1/2 4.16 65.9 197.8 76.0 228.0 
5/6) 4.88 76.7 230.0 88.0 264.0 
1-3/4 5.67 89.3 268.0 102.0 306.0 
1-7/8 6.50 101.3 304.0 116.0 348.0 
2 7.39 114.7 344.0 132.0 396.0 
2-1/8 8.35 128.7 386.0 147.3 442.0 
2-1/4 9.36 143.3 430.0 164.7 494.0 
22 11.6 L7Di3 526.0 201.3 604.0 
2-3/5 14.0 209.3 628.0 240.7 722.0 


a Independent wire rope core. 


2/ 


= Based on a safety factor of 3. 
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Figure 12.--Tension due to midspan load vs. slope of span for various 
deflections (carriage not clamped to skyline). 
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Figure 13.--Upper-end tension due to midspan load vs. slope of span for 
various deflections (carriage clamped to skyline). 
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( PERCENT ) 


CHANGE IN DEFLECTION DUE TO LOAD REMOVAL 


Change in deflection due to load removal vs. load factor for various slopes. 


Based on a modulus of elasticity of 14,000,000 p.s.i. 


Load factor = 
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--with a loaded deflection of 5 percent. 
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--with a loaded deflection of 7 percent. 
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Figure 17 
--with a loaded deflection of 8 percent. 
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Based on a modulus of elasticity of 14,000,000 p:s.i. 


Tension due to load ( kips ) 


Tension due to cable weight ( kips/station ) 


Load factor 
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Figure 19 
--with a loaded deflection of 10 percent. 
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Figure 18 
--with a loaded deflection of 9 percent. 
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Figure 20 
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--with a loaded deflection of 12 percent 


--with a loaded deflection of 11 percent. 
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( PERCENT ) 


CHANGE IN DEFLECTION DUE TO LOAD REMOVAL 


Change in deflection due to load removal vs. load factor for various slopes 


Based on a modulus of elasticity of 14,000,000 p.s.i. 


Tension due to load ( kips )} 


Load factor = 
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--with a loaded deflection of 13 percent. 


7 FEEEEEEEEE 9 EEE] 
EEE © EEEEEEEEEEEEEEEEE EEE 
HE, EEEEEEEE EE 
6 7 4 7 
5 be 
A 
3 
2 
1 an 
EEEEEEH EH rH BEER EERE EEE EEE 
0 HE EEE EEE EERE EEE H 
0 50 100 150 200 
LOrVA'D: TFA GIO: R 
Figure 24 


-- with a loaded deflection of 15 percent. 


Tension due to cable weight ( kips/station ) 
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-- with a loaded deflection of 14 percent. 
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LOAD FACTOR 
Figure 25 
-- with a loaded deflection of 16 percent. 


( PERCENT ) 


CHANGE IN DEFLECTION DUE TO LOAD REMOVAL 


Change in deflection due to load removal vs. load factor for various slopes 


Based on a modulus of elasticity of 14,000,000 p.s.i. 


Tension due to load ( kips ) 


Load factor = 
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--with a loaded deflection of 17 percent. 
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LOAD FACTOR 
Figure 28 
--with a loaded deflection of 19 percent. 


Tension due to cable weight ( kips/station ) 
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--with a loaded deflection of 18 percent. 
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--with a loaded deflection of 20 percent. 
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Table 2.--Upper-end tension 


(In ktps per station per 


Deflection 
(percent) 


1.0 Wa 252 We A5y7/ 1.269 1.287 SZ 1.342 lsS7y) 1.422 1.472 LoSAa7 1.589 1.657 
aS) -835 - 840 849 862 -879 -900 -925 9D -989 1.027 1.069 iEo ails) 
7x0) -628 - 632 -639 649 - 663 -679 699 wee -747 -776 - 809 . 844 
(ED) -503 -507 913 aaI22, -539 547 563 -582 -603 -627 -653 -682 
3.0 -420 »424 -429 -437 ~447 459 -473 489 -507 ole 549 574 
3.5 -361 -365 -370 ih - 386 -396 -408 422 - 438 -456 ~475 497 
4.0 -317 ~321 Sey) «a2 -340 ~349 - 360 -373 -387 - 403 420 439 
4.5 - 283 - 286 -291 DOT -304 «33 23. - 334 -347 - 362 oSiTl -394 
5.0 - 256 ~259 263 -269 -276 » 284 - 293 -304 -316 1329) -343 2309 
Doe) ~ 234 ZI 241 246 ~253 . 260 - 269 «279 .290 - 302 2315 W29 
6.0 2D -218 e222 -228 - 234 241 ~249 258 . 268 - 280 -292 - 305 
6.5 - 200 - 203 -207 avAlyZ -218 ~224 we 241 - 250 -261 272 285 
U0) - 187 -190 194 -198 204 -210 -218 - 226 ~235 245 - 256 . 268 
Thee) pally f) SETA} -182 - 187 -192 -198 -205 ovAlks} 222, w23i 241 ~253 
8.0 - 166 -169 172 oll T - 182 - 188 ~194 -202 -210 .219 ~229 -240 
8.5 -157 . 160 -163 -168 Aale7ies «179 -185 92 -200 «209 .218 228 
9.0 -149 =L52 w56 - 160 165 -170 LT. - 184 gall -199 - 208 -218 
ie) -143 -146 149 +153 lS -163 . 169 -176 -183 lon - 200 - 209 
10.0 wy -140 -143 147 -152 -157 - 163 - 169 -176 -184 -192 -201 
10.5 elles hil -134 138 141 146 «151 wD -163 -170 -177 -185 194 
11.0 27, 129 Bylo}: Basi 141 -146 Gilkey ~157 164 BAL z All al7/9) -187 
AD 22 wh25 -128 132 - 136 -141 147 a2, 159 . 166 -173 ee ktshll 
12.0 -118 ole2al .124 -128 ele 2137 142 -148 ~154 -161 - 168 176 
2D -115 eal aEy/ «21 124 128 =133) - 138 -144 2150 Li. 164 -171 
13.0 hd -114 -117 2121 elP25) »130 -135 -140 - 146 2152 op) . 167 
13 \e/D - 108 -lll .114 .118 wl22 .126 -131 ol 37 -142 -149 -155 -163 
14.0 - 106 - 108 opel pulLilis) eH 23) 128 -134 39 ~145 -152 pls) 
14.5 - 103 . 106 . 109 ells) eG outail -126 131 -136 142 -149 SDD 
15.0 -101 - 104 - 107 = LAO -114 -118 «123 -128 -133 -139 -146 152 
Uae) -099 LOL -105 - 108 palaly2 -116 «22a .126 odksy Ly 143 -149 
16.0 -097 - LOO - 103 - 106 -110 -114 -118 -123 129 2134 -140 -147 
16.5 -095 098 -101 - 104 -108 -112 116 wl2ilk -126 -132 -138 144 
17.0 -093 - 096 -099 - 102 - 106 -110 ex QIES) SLL 124 - 130 . 136 142 
7c D 092 -095 -098 - 101 -105 - 109 ~ 113 -118 ~122 -128 - 133 “39 
18.0 - 090 093 -096 -099 - 103 - 107 eLLl .116 -121 -126 mS 2: oly, 
18.5 - 089 -092 095 -098 -102 - 106 -110 114 ~LT9 124 - 130 . 136 
19.0 - 088 091 094 -097 - 100 - 104 - 108 palit} - 118 23 -128 - 134 
LOS - 087 -090 093 -096 -099 - 103 - 107 oath -116 2121 -127 es 
20.0 - 086 - 089 091 095 -098 -102 - 106 -110 ~115 -120 125 oalsyit 
21.0 - 084 - 087 090 -093 -096 - 100 - 104 -108 oul) oly, 123 128 
22.0 - 082 -085 - 088 O91 095 -098 «102 . 106 Salata -115 -120 one 
23.0 081 084 -087 -090 093 -097 - 101 «105 - 109 114 -118 123 
24.0 -080 -083 - 086 -089 -092 -096 -099 - 103 - 108 oily wal y7, w22 
25.0 -079 -082 -085 - 088 091 -095 -098 -102 - 106 -Lil oakils) -120 
26.0 -078 -081 084 -087 -090 -094 097 - 101 - 105 - 109 ~114 -119 
27.0 -078 -080 083 -086 - 090 093 .097 - 100 - 104 - 108 ok -117 
28.0 -077 -080 -083 - 086 089 -092 096 - 100 - 104 - 108 olbil -116 
29.0 077 -080 -082 -085 -089 092 -095 099 - 103 -107 Galeri .116 
30.0 -077 -079 -082 -085 -088 -092 095 -099 -102 - 106 e111 -115 


due to weight of cable 


pound of cable weight per foot) 


span (percent) 


Ie 7M 1.812 1.899 1599/2 2.091 Zrii, 25309 2.427 Dojo: 2.682 2.819 2.962 yo Tua 
1.165 1.220 1.278 1.341 1.408 1.480 LoaDS) 1.635 HAS: 1.806 1.898 995 2.095 


- 882 924 -968 1.016 1.067 Ie dba 1.178 E239) 1.302 1.369 1.438 Seay 1.587 
-600 -628 659 -692 726 -763 - 802 843 . 886 931 -979 1.028 1.079 4 
oS DULe) 544 soak 799 629 661 -695 730 .768 - 807 -848 - 890 935 B 
~459 -481 205 -530 -557 2585 -615 -646 679 og aus} -749 Ou . 826 : 
413 432 454 476 «5.00 N55 552 .580 610 641 673 707 742 
375 SOS ES Hey SS AT OO oe e555 .583 612 .643 674 iy 
~345 . 362 OS 398 -418 439 -462 485 pele) BOSD) 562 590 619 | 
320 OS) soe 369 - 388 ~407 428 450 AZ -496 SAIL 2547 574 i 
298 RSLS .328 345 - 362 - 380 399 420 441 463 486 oO ADS) i 
- 280 294 308 324 - 340 oSso)// oS) 394 414 7434 -456 -479 -502 : 
-265 oAUT 291 7305 SOAlk 6 Seu 2354 Bae 390 -410 - 430 451 AS, 4 
lle AZO 2716 . 290 -304 2319 - 336 SODIe STO - 388 - 408 ~428 -448 { 
239 Zl . 263 -276 -290 - 304 als) 68) Ie. OO) 388 407 ~426 d 
a APs} 239 gal 264 SAT 291 305) 320 336 333 oO 388 407 : 
o Aly) 230 241 ~253 LOS) ois} ~292 507 5 BZ - 338 354 SOW -390 j 
o ZLib oil Zo! 243 0S) 268 7Asial ~295 . 309 yO29 - 340 5 S)5)// 374 é 
203 6 Ais} 6223} 234 - 246 258 oT 284 -298 OAS 328 PES) - 360 : 
. 196 - 206 -216 226 237 249 oASil ~274 288 - 302 316 oseill ~347 
- 190 7199 ~ 209 219 230 241 SAS 265 .278 292 - 306 oe10) - 336 
- 184 -193 203 6 ZA 028} 234 ~245 5 PAB -270 283 296 310 1325 i 
o ILS) - 188 ~L97 - 206 -216 ov APdTI . 238 250 262 274 287 301 aD 
o LS) 5 dls}s} ~ 192 ~201 oZAibih SOA, oO 243 a2 267 aZAS) 293 . 306 ‘ 
-170 .178 187 . 196 ~205 2D ~226 IST, - 248 . 260 LURE: ~285 -298 Hy 
. 166 174 - 182 ~L91 - 200 BAKO) 220) oaeval ~242 ZD3 5 PAS) .278 - 290 : 
- 163 -170 178 -187 -196 nH ZAOS) ob oS) 3230) ~247 ~259 oA 283 a 
159 167 SIL) 183 ~192 -201 -210 7220 ~23 ~ 242 SANS) 265 BAD i 
w1D6 - 163 left oll) . 188 ~L97 . 206 ~216 ~226 aul -248 ~259 GAH 
o LSS} . 160 . 168 S76 ~ 184 o ALB} y202 oH? oAZaal Sew ~242 ~254 ~265 i 
ollsyal -158 165 edz -181 189 ~198 - 208 oZAlb7 oll . 238 ~249 - 260 : 
-148 o lS}5) 162 -170 Glues} 186 oullie)s) 204 23) os) aes) 244 yA 55) 
146 oll 53} . 160 167 175 183 obit . 200 5 Alto) aly) 229 239 20) 
~ 144 150 o LESH . 164 ~172 - 180 . 188 ~197 206 eae) nape) GOOD) 246 f 
~142 - 148 pll)s) 162 -169 ela ~185 194 oZA0)S} ay D2. 2 Ball ~242 : 
- 140 - 146 paliSys} - 160 - 167 Olli) - 183 gkyil - 200 209 Bales} AAS} 238 f 
o JLSKS} 144 o ILSy aL -158 - 165 oll - 180 - 188 LOW 206 Vole) ~224 234 
136 143 149 oll 5 - 163 oali7/(0) NHS . 186 194 203 22 SLAs 2 Sil i 
134 wl39 146 152 ~159 .166 ells) -181 -189 -198 .206 Ali) «224 
ealesilk o dbahy/ 143 -149 156 162 -170 a dl7A7/ o LSS) ~193 ~201 210 ~219 
129 134 . L140 -146 5 usys} 5 LSS) 166 life) ~181 189 ~197 205 ~214 
o ZT oll sy 138 144 150 a6 -163 -170 Alay palsy) cries} -201 - 209 } 
~124 ~129 -134 -140 146 BES )2. -158 165 eels 179 . 186 ~194 -201 
~122 5 2 7/ o dL s33} 138 - 144 - 150 156 162 . 169 -176 wls3 - 190 -198 : 
o WIL -126 pls ol Sh7/ ~ 142 148 154 - 160 Gi legs} - 180 - 188 ~195 : 
-119 124 129 op llsy4 ~139 145 oalSyal 5 wLSS7/ 163 .169 .176 ees ~ 190 : 
33 


Table 3.--Tension due to load 


(In ktps per 


Loaded Slope of 


deflection 
(percent) 


1.0 25.00 25.01 25.08 25.21 25.40 25.65 25.96 26.33 26.74 Zilke2als 27.73 28.29 
tee) 16.67 16.67 16.71 16.78 16.90 17.06 17.26 17.50 USA a 18.07 18.41 18.78 
2.0 12.51 12.50 12'.52 12.57 12.66 V2 T2590 13.08 13.28 Sool 13.76 14.03 
2-5 10.01 10.00 10.01 10.05 10.11 10.19 10.30 10.44 10.59 LORE 10.96 11.18 
3.0 8.34 8.33 8.34 8.36 8.41 8.48 8.57 8.67 8.80 8.94 9.10 9.28 
3.5 7.16 7.14 7.14 7.16 7.20 7.25 7.33 7.41 7.52 7.64 7.77 VoQ2 
4.0 6.27 6.25 6.25 6.26 6.29 6.34 6.40 6.47 6.56 6.66 6.77 6.90 
4.5 Dis Dil, 5.56 poe) BIEN) 5.58 5.62 5.67 5.74 5.81 5.90 6.00 6.11 
5.0 5.02 5.00 5.00 5.00 5.02 5.05 5.09 DyeuliD. 5.22 Died 5.38 5.48 
OP) 4.57 4.55 4.54 4.54 4.56 4.58 4.62 4.67 4.73 4.80 4.87 4.96 
6.0 4.19 4.17 4.16 4.16 4.17 4.20 4.23 4.27 4.32 4.38 4.45 4.53 
6.5 3.87 3.85 3.84 3.84 3.85 3.87 3.90 3693. 3.98 4.03 4.10 4.17 
Tie O 3.60 3.58 Soy 3.57 3.57 3.59 3.61 3.64 3.68 3373 3.79 3.85 
Uc> 3537) 3.35 3383 3)..33 31333 3.34 3.36 Sook) 3.43 3.47 3.53 3.58 
8.0 3.16 3.14 3j-c'3 Bra? Sr Soils) Sabo) 3.17 321 325 So Ze) 37635, 
8.5 2.98 2.96 2.94 2.94 2.94 2.94 2.96 2.98 3.01 3.05 3.09 3.14 
9.0 2.82 2.80 2.78 Ziviah: Qreal ih 2.78 ands) 2.81 2.84 2.87 Aas)it 2.95 
OF) 2.67 2.65 2.64 2.63 2.62 2.63 2.64 2.66 2.68 2.71 Zid) 2.79 
10.0 2.54 DreiDi2 Zeal: 2.90 2.49 2.50 2.50 2.52 2.54 Di. 2.60 2.64 
10.5 2.43 2.41 2.39 2538 Dieesih DOI 2.38 2.40 2.41 2.44 2.47 Bow 
11.0 2.32 2.30 2.28 Drer2ih Cee yar Zi 2s 2027 2.28 2.30 232 De 8) 2.38 
SS 2.23 2.20 Prius) /oealgs Dee li7, Deel) 2017 2.18 D9) Dil 2 2.24 Jai) 
12.0 2.14 Zine ZO 2.08 2.08 2.07 2.08 2.09 2.10 Dielee) 2.14 Dievlai: 
2D) 2.06 2.03 2.02 2.00 1.99 1.99 1.99 2.00 2.01 2.03 2.05 2.08 
13.0 1.98 1.96 1.94 193 92 owl 9 1.92 1.93 1195 1.97 113339)9) 
aise) 1.91 1.89 1.87 1.86 1.85 1.84 1.84 1.85 1.85 1.87 1.89 TOL 
14.0 1.85 1.83 1.81 Io) 1.78 1.78 a7, wes) 1.79 1.80 1.81 1.84 
14.5 gS AY) er UGS) W713 1.72 ale eave: Wega Wot 1.73 1.75 L.77 
15.0 1.74 Al 1.69 1.68 1.66 1.66 1.65 1.65 1.66 1.67 1.68 1.70 
NSIS) 1.68 1.66 1.64 1.62 1.61 1.60 1.60 1.60 1.60 Hu 1.63 1.64 
16.0 1.64 1.61 1.59 SEE 1.56 ioe)) iS )5) nea) 1.55 1.56 PDI 19) 
1OG5 1159 Le 1G) 1.53 a2 adil 1.50 1.50 1.50 soot WG 1.53 
17.0 1.55 1.52 1.50 1.49 1.47 1.46 1.46 1.45 1.46 1.46 1.47 1.48 
Lyfe) Los 1.48 1.46 1.45 1.43 1.42 1.41 1.41 1.41 1.42 1.43 1.44 
18.0 1.47 1.45 1.43 1.41 1.39 1.38 LS i7) 1537 Iai) 1.37 1.38 1.39 
18.5 1.44 1.41 139 SIZ 1.36 1.34 1.34 1.33 1.33 1.34 1.34 1.35 
19.0 1.40 1.38 1.36 1.34 1.32 DSi 1.30 1.30 1.30 1.30 1.30 i31 
19.5 1.37 335) LES 2 Reo 1.29 1.28 We27) 1.26 1.26 1.26 127, 1.28 
20.0 1.34 1.32 1.29 aad) 1.26 125 1.24 23 123: 123: P23, 1.24 
21.0 1.29 1.26 1.24 M22 1520 9 1.18 dolby Ly dig AUz Ly ods) 
22.0 1.24 1.20 ee) alg TRS 1.14 2 2 eal ARS alae a: te Ae 
23.0 real. Heed y/ 1.14 ae 1.10 1.09 1.08 1.07 1.06 1.06 1.06 1.06 
24.0 IEMs) te E2 1.10 1.08 1.06 1.04 1.03 1.02 1.01 1.01 1.01 1.01 
25.0 alsa dal 1.09 1.06 1.04 1.02 1.01 99 98 97 «97. 97 97 
26.0 1.08 O05 1.03 1.01 99 97 95 294 -93 93 93 93 
27.0 1.05 1.02 1.00 97 95 94 ~92 Olt -90 89 89 89 
28.0 1.02 -99 97 94 92 90 - 89 88 87 - 86 85 -85 
29:0 99 96 94 92 89 88 .86 85 - 83 83 82 82 
30.0 97 94 91 89 87 85 83 82 -81 80 w9 79 
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(carriage not clamped to skyline) 


kip of load) 


span (percent) 


28.90 
19.18 
14.32 
11.41 
9.47 
8.08 
7.04 
6.23 
02) 
5.06 
4.62 
4.24 
3.92 
3.65 
3.41 
3.19 
3.01 
2.84 
2.68 
) 
2.42 
2.31 
2.20 
Zo la 


: : 4 Diath) 


2.02 
1.94 
1.86 
1.79 


c : : Zaz 


1.73 
1.66 
1.61 
1.55 
1.50 
1.45 
1.41 
1.37 
1.33 
1.29 
L625 
1.18 
le Il 
1.07 
1.02 

-97 

-93 

- 89 

-85 

-82 

79 


29.55 
19.61 
14.64 
11.66 
9.67 
8.25 
7.19 
6.36 
5.70 
5.16 
4.71 
4.33 
4.00 
3.72 
3.47 
3.26 
3.06 
2.89 
2.73 
2.59 
2.46 
oes) 
2.24 
2.14 


2.05 
1.97 
1.89 
1.82 
1.75 
1.69 
1.63 
Loou 
1.52 
1.47 
1.43 
1.38 
1.34 
1.30 
1.27 
1.20 
ie a3} 
1.08 
1.03 

-98 


30.23 
20.06 
14.97 
TV A92 
9.89 
8.44 
Tio 
6.50 
5.83 
5.27 
4.81 
4.42 
4.09 
3.80 
3.54 
Shey 
3.12 
2.95 
2.79 
2.64 
Die Dit 
2.39 
2.28 
2.18 


2.09 
2.00 
1392 
1.85 
1.78 
ei 
1.66 
1.60 
WSOS) 
1.50 
1.45 
1.40 
1.36 
NS )2 
1.28 
eal 
Wat) 
1.09 
1.04 

99 

~94 

-90 

- 86 

-83 

-/79 


30.95 
20.53 
15.33 
12.20 
10.12 
8.63 
7.52 
6.65 
5.96 
5.39 
4.92 
4.52 
4.18 
3.88 
3.62 
3.39 
3.19 
3.01 
2.84 
2.70 
2.56 
2.44 
2.33 
2.23 


Zreples 
2.04 
1.96 
1.88 
1.81 
1.75 
1.69 
1.63 
1.57 
1.52 
1.47 
1.43 
1.38 
1.34 
1.30 
123 
1.16 
1.10 
1.05 
1.00 


31.70 
21.03 
15.70 
12.50 
10.36 
8.84 
7.70 
6.81 
6.10 

a o2 


PRP RP RIP RP RP PIR PRP RIP MND INN NNIN ND W W]H WW FIF UW 
GO nee oO Glo o1-0.0 16. 6 to |b. -o G0 0. O=-s05Ip Oo bo OD Ibo oO -O.0 |b. 6 
i) 
N 


1.18 
LailZ 
1.07 
1.01 
-97 
~92 
-88 
84 
81 


32.49 
21.455 
16.08 
12.80 
10.62 
9.05 
7.88 
6.97 
W225 
-65 
-15 
-/3 
37 
-06 
-79 
255 
~34 
o15 
-97 
«82 
- 68 
255 
-43 
32 


22 
-13 
-04 
96 


PRR RIP RP RP RIR PRP RIM ND IN NN DIN ND W WlH WH HIF OUD 
OC oO O-|b- 0) OF04|6 ~O> 195-0 


ISA 
1.14 
1.08 
1.03 
-98 
~94 
89 
. 86 
82 


33.30 
22.09 
16.48 
NS)? 
10.88 
9.28 
8.08 
Tei 
6.40 
5.79 
5.28 
4.85 
4.48 
4.16 
3.88 
3.63 
3.42 
B22 
3.04 
2.88 
2.74 
2.61 
2.49 
2.38 


2.27 
2.18 
2.09 
21 Oi! 
1.93 
1.86 
ody) 
1.73 
1.67 
1.62 
1.56 
1.51 
1.47 
1.42 
1.38 
1.30 
1.23 
1.16 
1.10 
1.05 
1.00 

~95 

91 

87 

- 83 


34.14 
22.64 
16.90 
13.45 
W.15 
9.51 
8.28 
Ugsy2 
6.56 
5.93 
5.41 
4.97 
4.59 
4.26 
3.98 
Zi 2 
3.50 
3.30 
3.12 
2.95 
2.81 
2.67 
2.55 
2.43 


27533 
2.23 
2.14 
2.05 
1.98 
1.90 
1.83 
1.7/7 
Li7l 
165 
1.60 
Mas) 
1.50 
1.45 
1.41 
1.33 
1.25 
1.19 
IGG AES) 
1.07 
1.02 

-97 

93 

89 

-85 


13.79 
11.43 

9.75 

8.49 

Mictoil: 

6.72 
-08 
455 
09 
-70 
~37 
-08 
82 
29) 
38 
~19 
03 
-87 
74 
-61 

49 


38 
-28 
.19 
10 
-02 
~95 
-88 
-81 
ot> 
-69 
-63 
8. 
~53 
~49 
«44 
«36 
1.28 
1.21 
IL ALS) 
1.09 
1.04 
-99 
295 
-90 
- 86 


PR RR IR RP RP RJR RP RNIN MND [NN DH HJW WW WlH FH JOO 


MNGi 
10.00 
8.70 
7.70 
6.89 
23 
-68 
22 
-82 
-48 
-18 
aw 
- 68 
-46 
-27 
-10 
~95 
- 80 
-67 
255 


-44 
234 
~24 
.16 
-07 
-00 
92 
-85 
-/9 
73 
-67 
-62 
37 
~52 
247 
«39 
1.31 
1.24 
1.18 
kgal72 
1.06 
1.01 
297 
92 
- 88 


PPP PIP RP RP PIP PUM NINN ND [NYU NNW WW WI]H EK EIUUD 


12.02 
10.25 
8.92 
7.89 
7.07 
6.39 
5.83 
SD) 
4.95 
4.59 
4.28 
4.01 
3.77 
3.55 
3.36 
3.18 
3.02 
2.87 
2.74 
2.62 


2.50 
2.40 
2.30 
2.21 
2.12 
2.04 
1.97 
1.90 
1.83 
1.77 
oda 
1.66 
1.61 
1.56 
1.51 
1.42 
1.34 
Wey 
epee 
1.14 
1.09 
1.04 

-99 

294 

-90 


L232 
10.51 
9.15 
8.09 
7.25 
6.55 
5.98 
5.49 
5.07 
4.71 
4.39 
4.11 
3.86 
3.64 
3.44 
3.26 
3.10 
2.95 
2.81 
2.68 


2.57 
2.46 
2.36 
2.26 
2.18 
2.10 


1.30 
1.23 
1.17 
Lyi 
1.06 
1.01 

97. 

~92 


38.67 
25.65 
19.14 
15.24 
12.63 
10.77 

9.38 


8.30 


7.43 
6117/2 
6.13 
5.63 
5.20 
4.83 
4.50 
4.22 
3.96 
JG 7/3) 
303 
3.34 
3.17 
3.02 
2.88 


2.63 
2.52 
2.42 


2.23 
Qel'd 
2.07 
2.00 
1.93 
1.86 
1.80 
1 
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Table 4.--Upper-end tension due to 


(In kips per 


Slope of 


Loaded 
deflection 


(percent) 


1.0 25.00 25.06 25.18 25.36 25.60 25.89 26.25 26.66 Zalfoalal, 27.62 28.18 28.78 
1.5 16.67 16.72 16.80 H6N93 17.10 L531 17.55 17.83 18.14 18.48 18.86 19.26 
2.0 12.51 12.55 12.62 Ae Y2 12.85 13.01 13.20 13.41 13.65 13'.92 14.20 14.51 
Ow) 10.01 10.05 10.11 10.19 10.30 10.44 10.59 10.77 10.96 11.18 11.41 11.66 
3.0 8.34 8.38 8.44 8.51 8.61 8.72 8.85 9.00 9.17 ae) 955 9.76 
3.5 7.16 Tee 9) 7.24 Tes Use) 7.50 7.61 7.74 7.89 8.05 8.22 8.40 
4.0 6.27 6.30 6.35 6.41 6.49 6.58 6.68 6.80 6.93 7.07 7.22 7.38 
4.5 DI 5.61 5.65 paval 5.78 5.86 5.96 6.07 6.18 6.31 6.45 6.59 
5.0 5.02 5.05 5.09 5.15 Di 22 51129 5.38 5.48 5.59 5.70 5.83 5.96 
5.5 4.57 4.60 4.64 4.69 4.75 4.83 4.91 5.00 5.10 Dri: 5.32 5.44 
6.0 4.19 4.22 4.26 4.31 4.37 4.44 4.51 4.60 4.69 4.79 4.90 5.01 
6.5 3.87 3.90 3.94 3.99 4.05 4.11 4.18 4.26 4.35 4.44 4.54 4.65 
7.0 3.60 3.63 3.67 Sova Savi7 3.83 3.90 3.97 4.05 4.14 4.24 4.33 
oe) 337 3.39 3.43 3.48 3203) 3.59 3.65 3.72 3.80 3.88 Say 4.06 
8.0 3.16 3.18 Bie 2i2 3.27 B32 3.37 3.44 3.50 3.58 3.66 Soy 3.83 
8.5 2.98 3.01 3.04 3.08 Siouls) 39 3.25 3.31 3538 3.46 3.54 3.62 
9.0 2.82 2.85 2.88 2.92 2.97 3.02 3.08 3.14 Sri 3.28 3)..35 3.43 
ie) 2.67 2.70 2.74 2.77 2.82 2.87 2.93 2.99 3.05 3.12 So AG) Bir2i7 
10.0 2.54 Zrii. 2.61 2.64 2.69 2.74 2.79 285 Zod 2.98 3.05 Bel 
10.5 2.43 2.46 2.49 TANS) 2051. 2.62 2.67 Deihee: 2.78 2.85 Pre )Ak Zo) 
a EXO) 2.32 2;.39 2.38 2.42 2.46 Zoi: 2.56 2.61 2.67 2.73 2.80 2.86 
ea) Died 22D 2.28 Dir s2 2.36 2.41 2.46 royal 2.56 2.62 2.69 Pate) 
12.0 2.14 2.16 2.20 Jd ONS) SPAT} Zi 32 2.36 2.41 2.47 2.53 Zoe) 2105) 
2D 2.06 2.08 2M 2.15 2.19 223 2.28 2.33 2.38 2.44 2.49 2.56 
13.0 1.98 2.01 2.04 2.07 Zeal: 2e15 2.20 2.25 2.30 2.35 2.41 2.47 
135.5 Eo 1.94 1.97 2.00 2.04 2.08 Pre Als CAAT ool 2.28 233 aes) 
14.0 1.85 1.88 1.91 1.94 1.98 2.02 2.06 Paoli Zjetle) 272i! 2.26 Dez 
14.5 ile 7) 1.82 1.85 1.88 1.91 1.95 2.00 2.04 2.09 2.14 eM) 2.25 
15.0 1.74 176 Led 1.82 1.86 1.90 1.94 1.98 2.03 2.08 Peels) 2.18 
ABS) ) 1.68 Iowa 1.74 LoveTh 1.81 1.84 1.88 193 1.97 2.02 Zrii, 2ralee. 
16.0 1.64 1.66 1.69 Lez 1.76 1052719) 1.83 1.88 192. 1 Oy 2.02 2.07 
16.5 1.59 1.62 1.64 1.68 ilrew Aol DN eD 1.79 1.83 1.87 92 1.96 2.01 
17.0 1.55 SU 1.60 1.63 1.67 17.0 1.74 1.78 1.82 1.87 ao: 1.96 
17.5 1.51 1.53 1.56 1.59 1.63 1.66 1.70 1.74 1.78 1.82 L287 1.92 
18.0 1.47 1.50 kgs? 1.55 59 1.62 1.66 1.70 1.74 1.78 1.83 1.87 
18.5 1.44 1.46 1.49 DZ ibGS)S) 1.58 1.62 1.66 1.70 1.74 19 583. 
19.0 1.40 1.43 1.45 1.48 52: Iop) D9) 1.62 1.66 1.70 Le 1D) Ls 72) 
ORS 1.37 1.40 1.42 1.45 1.48 Mey 1.55 N59 1.63 1.67 IRS Ale 1.75 
20.0 1.34 ei) 1.39 1.42 1.45 1.49 USD 2 1556 1.60 1.63 1.68 oe? 
21.0 1.29 1.31 1.34 ASH, 1.40 1.43 1.46 Ike) 153 ST 1.61 1.65 
22.0 1.24 1.26 129 gsi 1.34 1.38 1.41 1.44 1.48 1.52 1.55 1.59 
23.0 eg Aa Par 1.24 tba Zai 1.30 1.33 3.6 139) 1.43 1.46 1.50 1.54 
24.0 alee Es) a7, 1.20 1.23 1.25 1.28 1532 S35 1.38 1.42 1.45 1.49 
25.0 iEou ui 1.14 1.16 LS 22 1.24 1.28 Washi 1.34 L.37 1.41 1.44 
26.0 1.08 1.10 ibs} AALS) 1.18 vail 1.24 eu 1.30 1.33 Ikesh7/ 1.40 
27.0 1.05 1.07 1.09 Meilh2 die 5 aa ez/ 1.20 1.23 1.27 1.30 Ike 33S} 1.36 
28.0 1.02 1.04 1.06 1.09 algal 1.14 ily) 1.20 1.23 IkGvAS) 1.30 1.33 
29.0 -99 1.01 1.04 1.06 1.09 auoatal 1.14 iz, 1.20 1.23 1.26 S722) 
30.0 Oi, -99 1.01 1.04 1.06 1.09 LS 2 1.14 Godby 1.20 23 1.26 


36 


load (carriage clamped to skyline) 


kip of toad) 


span (percent) 


29.41 
19.70 
14.84 
Lie 9 
59/8 
8.59 
7.55 
6.75 
6.10 
oD 
oil} 
./6 
«44 
. 16 
02 
o7ft 
PO 
«35 
oA) 
06 
93 
82 
oD 
-62 
55S) 
«45 
-37 
-30 
~24 
-18 
- 12 
06 
2.01 
1.96 
1.92 
1.88 
1.84 
1.80 
1.76 
1.69 
1.63 
1.58 
1.53 
1.48 
1.44 
1.40 
1.36 
1.33 
1.30 


NNN DNIN WYN NIN NY ND H]W HW WIW WH fF FIF uN 


30.09 
20.15 
15.18 
12.20 
10.22 
8.80 
7.73 
6.91 


NN NNMINM NYDN NIN MND W]H WW WJH fF FIP Oana 
DX O7.05-0 |6 oO -o- O-|bo. o o- 0 Ibe Oo. Of oO 160-0 0. O|b ‘Oo O70 
ra 
> 


2.06 
2.01 
WoSy 
ENO. 
1.88 
1.84 
1.81 
1.74 
1.68 
1.62 
1.57 
Loo? 
1.47 
1.43 
1.40 
1.36 
No 33} 


30. 
20. 
ILS) G 
2i 
10. 
9). 
Yo 
7. 
6. 
- 84 
- 38 
-99 
- 66 
ose 
~L2 
-89 
-/70 
Oe. 
- 36 
a/Ail 
- 08 
-96 
-85 
1/5 
- 66 
-o7 
249 
42 
go}5) 
29 
522) 
oily 
20 
Dre 


NNN NIN NN NIN ND W]O WW WJwH fF HIF WN 


2 


i 


1 
1 


1 
iL 
1 
aL 


80 
63 
55 
50 
46 
Ol 
92 
08 
40 


12 
07 


02 
ko 


Oth 


-93 
I. 
Ike 
le. 
Ie 
1. 


89 
85 
78 
72 
66 


-61 
-56 
Iho 


al, 


-47 
-43 
39 
- 36 


Skoe)>) 
Zlko ils) 
15.93 
12.80 
10.72 
9.23 
8.12 
Uo) 


NN NNIN NN NIN NM W WI1H WW WIJW FF RIN Ona 
Db Oo oso |G. Oo oro |b “oO a ob of GO SIG oOo Dib Go 66 
Wo 
i=) 


Zaoibg 
2.12 
2.07 
2.02 
1.98 
1.94 
1.90 
1.83 
Ihe 79) 
1.70 
1.65 
1.59 
1.55 
1.51 
1.47 
1.43 
139 


3233 
21.66 
16.32 
LS rele 
10.99 

9.46 

8.32 

7.43 
72 
14 
-66 
25 
-90 
-59 
-33 
-09 
88 
-70 
3 
-38 
~24 
Sly2 
- 00 
.89 
- 80 
offal 
-62 
«54 
-47 
-40 
34 
28 
Dole 
Bosld) 
2.12 
2.07 
2.03 
99 
1.95 
1.87 
1.80 
1.74 
1.69 
1.63 
1.59 
1.54 
1.50 
1.46 
1.43 


NON NNIN NN NIN WW WH WW wWIF RIO UDAD 


13.45 
11.26 
9.70 
Sioo)S) 
7.62 
89 
- 30 
-80 
-38 
-02 
ef il 
44 
-20 
-98 
79 
62 
-46 
a2 
+9 
-08 
-97 
87 
77 
-69 
-61 
3 
-46 
-40 
34 
ZEOLAS) 
Din23 
Dod 
Zral3 
2.08 
2.04 
2.00 
1.92 
1.85 
oS) 
Woods) 
1.67 
1.62 
1.58 
1.54 
150 
1.46 


NNN NIN ND NIN W W W]H WW WIF HFN WDD 


ILS o)S) 
9.95 
8.75 
7.81 

-07 

-46 

295 

a5 

ould) 

-83 

~55 

-30 

-08 

-89 

ott 

625) 

“41 

wei, 

515) 

04 

94 

84 

-/76 

-67 

-60 

-53 

-46 

-40 

2.34 

2.28 

223 

2.18 

ives ss} 

209 

2.04 

ay 

1.89 

1.83 

Wedd 

Iho Zl 

1.66 

1.62 

Wood 

Woo) 

0 


NM NM MIN NM NH HI] WH WH WI]W WH WH If FROM ON 


11.84 
10.20 
8.97 
8.01 
~25 
-62 
- 10 
- 66 
28 
95 
- 66 
«41 
lle) 
99 
- 80 
-64 
49 
- 36 
-23 
nl 
OL 
-92 
-83 
74 
-66 
329 
Oe 
46 
2.39 
2.34 
2.28 
DS) 
2.18 
2.14 
2.09 
ZO 
1.94 
1.87 
Ikotsal 
1.76 
1.70 
1.66 
1.61 
1.57 
1.53 


NNN NIN ND WIlH WW WIWH WH WH IF FOND ON 


12.14 
10.46 
Soil’) 
8.21 
-43 
3a) 
925) 
. 80 
“41 
-07 
78 
ao 
29 
-09 
-90 
3 
-58 
»44 
Jo 
20 
-09 
sey) 
-89 
81 
oS) 
»65 
58 
Oe. 
2.45 
2.39 
2.34 
2.29 
2.24 
2.19 
2.14 
2.06 
1.99 
1.92 
1.85 
1.80 
1.74 
1.69 
1.65 
1.61 
1.57 


NNN NIN ND WlH WH WwW WlWH WF IF FUND ON 


12.45 
10.72 
9.43 
8.42 
-62 
-96 
«41 
~94 
2595 
- 20 
-90 
-63 
-40 
gully) 
-00 
-82 
-67 
ge} 
.39 
oZAil 
- 16 
-06 
gH! 
-88 
of) 
Jhz 
-64 
58 
oil 
2.45 
2.40 
2.34 
Do) 
2.24 
2.20 
2.11 
2.03 
1.96 
1.90 
1.84 
1.78 
Ia aS) 
1.69 
1.64 
1.60 


NNN NIN D W WIHO WW WJwWF FFI FON DOAN 


37,653 
Zope 
18.95 
15.24 
12.76 
10.99 

9.66 

8.63 
81 
odks} 
-57 
09 
-68 
-33 
-02 
«75 
ool 
29 
.09 
-92 
-76 
-61 
-48 
«35 
~24 
14 
-04 
oe) 
- 86 
-/8 
oil 
-64 
2.97 
Zool 
2.45 
2.40 
2.34 
aoe) 
Dri2D 
2.16 
2.08 
2.01 
1.94 
1.88 
1.82 
Ie 07 
Lot? 
1.68 
1.64 


—S 


NM NM DM NIN WW WIWH W WH WJH FF HIS OWN OIDN O™ 


13.08 
11.26 
9.90 
8.85 
8.00 
231 
213 
~24 
- 82 
-46 
-15 
87 
-62 
139 
-19 
a(O)al 
3.85 
3.70 
3.56 
3.44 


FRI OMNIS ON 


293 
2.85 
Die Tui 
2.70 
2.63 
Zao 
Zeit 
2.45 
2.40 
2.35 
2.30 
DZ 
Prong) 
2.05 
1.99 
A912 
1.87 
1.81 
1.76 
MoU 
1.67 


13% 
ill. 
10. 
9). 
8. 
249 
-90 
-40 
Soy, 
-60 
olay 
-98 
-73 
-50 
-30 
oilil 
294 
ody) 
-65 
252 
-40 
329 
.18 
-09 
-00 
oo2 
- 84 
76 
730 
Dio 
2 
Dis 
Ds 
Dis 
Die 
2. 
2 
Dre 
De 
1. 
ie 
Iho 
Ibo 
Ic 
Ibo 


NM MD WIWH WD WH WIW WW WIF FRI ONS ON 


40 
54 
15 
06 
20 


69 
63 
57 
Dl 
45 
40 
35 
26 
18 
10 
03 
97 
Oint 
85 
80 
75 
71 


oR ARR ATRL EA NOAA Ne ee a SS SR WH ARIAL R Bw ee LTS RV IRE EE nN ont 


so eon non ego ne ee topes 


CREA TSE AW GR ETE I ew pees ee nsec 


\} 
i 
\ 
| 
Table 5.--Ratio of catenary curve length _ 


Unloaded Slop eaoe 


deflection 
(percent) 


1.0 1.00027 1.00151 1.00525 1.01145 1.02006 1.03102 1.04426 1.05971 1.07725 1.09679 1.11822 1.14145 

1.5 1.00060 1.00185 1.00558 1.01177 1.02037 1.03132 1.04456 1.05999 1.07751 1.09704 1.11846 1.14167 

2.0 1.00107 1.00231 1.00604 1.01222 1.02081 1.03175 1.04497 1.06038 1.07789 1.09739 1.11880 1.14199 

2.5 1.00166 1.00291 1.00663 1.01280 1.02137 1.03230 1.04549 1.06088 1.07837 1.09785 1.11923 1.14239 

3.0 1.00239 1.00363 1.00735 1.01350 1.02206 1.03296 1.04614 1.06150 1/07895 1.09840 1.11975 1.14288 

3.5 1.00326 1.00449 1.00820 1.01434 1.02288 1.03375 1.04689 1.06222 1.07964 1.09906 1.12037 1.14347 

4.0 1.00425 1.00548 1.00917 1.01530 1.02381 1.03466 1.04777 1.06306 1.08044 1.09982 1.12108 1.14414 

4.5 1.00537 1.00660 1.01028 1.01639 1.02487 1.03569 1.04876 1.06401 1.08134 1.10067 1.12189 1.14490 

5.0 1.00663 1.00785 1.01152 1.01760 1.02606 1.03683 1.04986 1.06506 1.08235 1.10163 1.12279 1.14575 

51.5. 1.00801 1.00923 1.01288 1.01894 1.02736 1.03810 1.05108 1.06623 1.08346 1.10268 1.12379 1.14669 

6.0 1.00951 1.01073 1.01436 1.02040 1.02879 1.03948 1.05241 1.06751 1.08468 1.10384 1.12488 1.14771 

6.5 1.01115 1.01236 1.01598 1.02198 1.03033 1.04098 1.05386 1.06889 1.08600 1.10509 1.12606 1.14883 

7.0 1.01291 1.01411 1.01771 1.02368 1.03199 1.04259 1.05541 1.07038 1.08742 1.10644 1.12734 1.15003 

7.5 1.01479 1.01599 1.01957 1.02551 1.03378 1.04432 1.05708 1.07198 1.08895 1510789. Aju287I eS r32: 

8.0 1.01680 1.01799 1.02155 1.02746 1.03568 1.04616 1.05886 1.07369 1.09057 1.10943 1.13017 1.15270 

8.5 1.01893 1.02011 1.02365 1.02952 1.03769 1.04812 1.06074 1.07550 1.09230 1.11107 1.13173 1.15416 

9.0 1.02118 1.02235 1.02586 1.03170 1.03982 1.05019 1.06274 1.07741 1.09413 1.11281 1.13337 1.15571 

9.5 1.02354 1.02471 1.02820 1.03400 1.04207 1.05237 1.06484 1.07943 1.09606 1.11465 1.13511 1.15735 

10.0 1.02603 1.02718 1.03065 1.03641 1.04442 1.05466 1.06705 1.08156 1.09809 1.11658 1.13694 1.15908 

10.5 1.02863 1.02977 1.03321 1.03893 1.04689 1.05705 1.06937 1.08378 1.10022 1.11860 1.13885 1.16089 
11.0 1.03134 1.03248 1.03589 1.04156 1.04946 1.05956 1.07179 1.08611 1.10244 1.12072 1.14086 1.16278 

11.5 1.03416 1.03530 1.03868 1.04431 1.05215 1.06217 1.07431 1.08853 1.10476 1.12293 1.14296 1.16476 

12.0 1.03710 1.03822 1.04158 1.04716 1.05494 1.06488 1.07694 1.09106 1.10718 1.12523 1.14514 1.16683 

12.5 1.04015 1.04126 1.04459 1.05012 1.05784 1.06770 1.07966 1.09368 1.10969 1.12763 1.14741 1.16898 

13.0 1.04330 1.04440 1.04770 1.05319 1.06084 1.07062 1.08249 1.09640 1.11230 1.13011 1.14977 1.17121 

13'.'5 1.04656 1.04765 1.05092 1.05636 1.06394 1.07364 1.08542 1.09922 1.11500 1.13269 PS 222i lel S52 

14.0 1.04992 1.05100 1.05424 1.05963 1.06715 1.07676 1.08844 1.10213 1.11779 1.13535 1.15475 1.17592 

14.5 1.05339 1.05446 1.05767 1.06301 1.07045 1.07998 1.09156 1.10514 1.12067 1.13810 1.15737 1.17840 

15.0 1.05695 1.05801 1.06119 1.06648 1.07386 1.08330 1.09477 1.10824 1.12365 1.14095 1.16007 1.18096 

15.5 1.06061 1.06166 1.06481 1.07005 1.07735 1.08671 1.09808 1.11143 1.12671 1.14388 1.16286 1.18361 

16.0 1.06438 1.06541 1.06853 1.07371 1.08095 1.09021 1.10148 1.11471 1.12986 1.14689 1.16573 1.18633 

16.5 1.06823 1.06926 1.07234 1.07747 1.08464 1.09381 1.10497 1.11808 1.13310 1.14999 1.16869 1.18913 | 
17.0 1.07218 1.07320 1.07625 1.08133 1.08842 1.09750 1.10855 1.12154 1613643* 1/5317, 1.17172 1.19202 | 
17.5 1.07622 1.07723 1.08025 1.08527 1.09229 1.10128 1.11222 1.12509 1.13984 1.15644 1.17484 1.19498 
18.0 1.08035 1.08135 1.08434 1.08930 1.09625 1.10514 1521598 1.12872 1.14334 1.15979 1.17804 1.19802 | 
18.5 1.08457__ 1.08556 1.08851 1.09343 1.10029 1.10910 1.11982 1.13244 1.14692 V016323) 0 S832 1.20114 | 
19.0 1.08888 1.08985 1.09277 1.09763 1.10442 1.11314 1.12375 1.13624 1.15058 1.16674 1.18467 1.20433 
19.5 1.09327 1.09423 1.09712 1.10193 1.10864 1.11726 1.12776 1.14012 1.15433 1.17033 1.18811 1.20760 
20.0 1.09775 1.09870 1.10155 1.10630 1.11294 1.12146 1.13185 1.14409 1.15815 1.17401 1.19162 1.21095 | 
21.0 1.10694 1.10787 1.11066 1.11530 1.12178 1.13012 1.14028 1.15226 1.16604 1.18159 1.19888 1.21787 
22°50 1.11645 1.11736 1.12007 1.12460 1.13094 1.13908 1.14902 1.16074 1.17423 1.18947 1.20643 1.22508 | 
23.0 1.12626 1.12714 1.12979 1.13422 1.14040 1.14835 1.15806 1.16953 1.18273 1.19766 1.21428 1.23258 | 
24.0 1.13636 1.13722 1.13981 1.14412 1.15015 Lee 15/92 1.16740 1.17860 1.19152 FZ 0613 samen 242: 1.24037 | 
25.0 1.14673 1.14757 1.15010 1.15430 1.16019 1.16776 1.17702 1.18797 1.20059 1.21489 1.23084 1.24844 { 
26.0 1.15738 1.15820 1.16065 1.16475 1.17049 1.17788 1.18691 1.19760 1.20994 1.22392 1.23954 1.25678 | 
27.0 1.16828 1.16908 1.17147 1.17546 1.18106 1.18826 1.19707 1.20750 1.21956 1.23322 1.24851 1.26539 | 
28.0 1.17942 1.18020 1.18253 1.18642 1.19187 1.19889 1.20749 1.21767 1.22943 1.24279 1.25773 1.27426 ! 
29.0 1.19081 1.19156 1.19383 1.19762 1.20293 1.20977 1.21815 1.22808 1.23956 1.25261 1.26722 1.28339 
30.0 1.20242 1.20315 1.20536 1.20905 1.21422 1.22088 1.22905 1.23873 1.24994 1.26267 1.27695 1.29276 
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o horizontal span length 


span (percent) 


1.16636 
1.16657 
1.16686 
1.16724 
1.16770 
1.16825 
1.16888 
1.16959 
1.17039 
1.17127 
ely 7/2:2:3, 
1.17328 
1.17441 
75.62: 
1.17691 
1.17829 
1.17975 
1.18129 
1.18291 
1.18461 
1.18640 
1.18826 
1.19021 
1.19223 
1.19434 
1.19652 
1.19878 
1.20112 
1.20354 
1.20604 
1.20861 
1.21127 
1.21399 
1.21680 
1.21968 
1.22263 
1.22566 
1.22877 
1.23194 
1.23852 
1.24538 
1.25253 
1.25995 
1.26765 
1.27562 
1.28386 
1.29235 
1.30111 
1.31011 


1.19284 
1.19304 
1.19331 
1.19367 
1.19410 
1.19461 
1.19520 
1.19587 
1.19661 
1.19744 
1.19834 
1.19932 
1.20037 
1.20151 
1.20272 
1.20401 
1.20538 
1.20682 
1.20834 
1.20994 
1.21161 
1.21336 
1.21519 
1.21709 
1.21907 
1.22113 
1.22325 
1.22546 
1.22774 
1.23009 
1.23251 
1.23501 
1.23759 
1.24023 
1.24295 
1.24575 
1.24861 
1.25154 
1.25455 
1.26078 
1.26728 
1.27406 
1.28112 
1.28845 
1.29604 
+ 30389 
1.31200 
1.32037 
1.32898 


1.22080 
1.22099 
1.22124 
RPZIZALNO YT 
1.22197 
1.22245 
1.22300 
1.22362 
1.22432 
1.22509 
1.22593 
1.22684 
1.22783 
1.22889 
1.23003 
1.23123 
1.23251 
1.23386 
1.23528 
1.23678 
1.23835 
1.23998 
1.24170 
1.24348 
1.24533 
1.24726 
1.24926 
2532 
1.25346 
1.25567 
1.25795 
1.26030 
1.26273 
1.26522 
1.26778 
1.27041 
12730 
1.27587 
1.27871 
1.28459 
1.29074 
1.29715 
1.30384 
1.31078 
1.31799 
1.32546 
1.33318 
1.34115 
1.34937 


1.25014 
1.25031 
1.25055 
1.25085 
125123 
1.25167 
1.25218 
1.25276 
1.25341 
1.25413 
1.25491 
Laeaeyiil 
1.25669 
1.25768 
1.25873 
1.25986 
1.26105 
1.26231 
+ 26364 
1.26504 
1.26650 
1.26803 
+ 26963 
1.27130 
1.27304 
1.27484 
1.27671 
1.27864 
1.28065 


1.29655 
1.29908 
1.30169 
1.30436 
1.30989 
1.31569 
1.32174 
+ 32805 
1.33462 
-34145 
1.34852 
1.35584 
1.36342 
1.37123 


1.28075 
1.28091 
1.28113 
1.28142 
1.28177 
1.28218 
1.28266 
1.28320 
1.28380 
1.28447 
1.28520 
1.28599 
1.28685 
1.28777 
1.28875 
1.28980 
1.29091 
1.29209 
1.29333 
1.29463 
1.29599 
1.29742 
1.29892 
1.30047 
1.30209 
1.30378 
1.30552 
- 30733 
1.30921 
1.31114 
1.31314 
L.31521 
1.31733 
1.31952 
1.32178 
+ 32409 
1.32647 
1.32892 
1.33142 
1.33662 
1.34207 
1.34777 
1.35372 
1.35991 
1.36635 
1.37304 
Nase 
1.38714 
1.39455 


1 
1 
il 
1 
1 
1 
1 
1 
1 


1 


1 
1 
1 


1 


de 


it 
aL 
1 
il 
1 
1 
1 
1 


1 


31256 
~31271 
+31291 
-31318 
+ 31350 
- 31389 
- 31433 
-31483 
+31539 
-31601 
+ 31669 


1.31743 


-31822 
+ 31908 
- 32000 


1.32097 


+ 32201 
- 32310 
~32425 
«32547 
- 32674 
+ 32807 
«32946 
- 33091 
«33242 
+ 33399 
- 33562 
- 33731 
+ 33906 
+ 34087 
+ 34274 
«34466 
- 34665 
- 34870 
+ 35081 
«35298 
+ 35520 
~35749 
+ 35984 
- 36471 
+ 36983 
- 37518 
+ 38077 
- 38660 
- 39267 
- 39897 
-40551 
«41228 
+41929 


1.34547 
- 34561 
1.34580 
1.34605 
1.34635 
1.34670 
1.34712 
1.34758 
1.34810 
1.34868 
1.34931 
1.34999 
1.35073 
- 35153 
+ 35238 
0929, 
+ 35425 
+35527 
+ 35634 
«35747 
+ 35865 
-35989 
- 36118 
«36254 
+ 36394 
-36540 
» 36692 
- 36850 
-37013 
-37181 
- 37356 
«37536 
-37721 
- 37912 
- 38109 
- 38312 
1.38520 
1.38734 
1.38953 
1.39410 
1.39889 
1.40390 
1.40915 
1.41462 
1.42032 
1.42625 
1.43241 
1.43879 
1.44541 


ee a 


37941 
37954 
37972 
37995 
1.38023 
1.38056 
1.38094 
1.38137 
1.38185 
1.38239 
1.38297 
1.38361 
1.38430 
1.38504 
1.38583 
38667 
1.38756 
38851 
1.38951 
39055 
39166 
39281 
39401 
39527 
39658 
39794 
£39935 
40082 
40234 
40391 
40553 
40721 
40894 
41072 
41256 
41445 
1.41639 
1.41839 
1.42044 
1.42470 
1.42918 
1.43387 
1.43879 
1.44392 
1.44927 
1.45483 
1.46062 
1.46662 
1.47285 


PRR 


pan 


br 


PREP RIP RRP BIP RR BI 


1.42104 
1.42187 
1.42275 
1.42368 
1.42465 
1.42568 
1.42675 
1.42787 
1.42903 
1.43025 
1.43152 
1.43283 
1.43420 
1.43561 
1.43707 
1.43858 
1.44015 
1.44176 
1.44342 
1.44513 
1.44689 
.44870 
45057 
1.45248 
1.45646 
1.46064 
1.46503 
1.46962 
1.47442 
1.47943 
1.48465 
1.49008 
1.49572 
1.50157 


1.45009 1.48669 1.52405 
1.45020 - 48679 +52414 
1.45035 1.48693 1.52428 
1.45055 - 48711 «52445 
1.45079 1.48734 +52465 
1.45107 1.48760 1.52490 
1.45140 1.48791 1.52518 
1.45177 1.48825 1.52550 
1.45219 1.48864 1.52586 
1.45265 1.48907 1.52626 

45315 1.48953 1.52669 

45370 1.49004 ING SATA 

45430 +49059 1.52768 
1.45493 1.49119 1.52823 
1.45561 1.49182 1.52881 
1.45634 1.49249 1.52944 
1.45711 1.49321 1.53010 
1.45793 1.49397 1.53081 
1.45879 1.49476 LOS 5D 
1.45969 1.49560 1.53233 
1.46064 1.49649 1.53315 
1.46164 1.49741 1.53401 
1.46268 1.49838 1.53491 
1.46376 1.49939 1.53585 
1.46489 1.50044 1.53682 
1.46607 -50153 1.53784 
1.46729 1.50267 1.53890 
1.46856 1.50385 1.53999 
1.46988 1.50507 1.54113 
1.47124 1.50634 1.54231 
1.47264 1.50765 1.54352 
1.47410 1.50900 1.54478 
1.47560 1.51039 1.54608 
1.47715 1.51183 1.54742 
1.47874 1.51332 1.54880 
1.48038 1.51485 1.55022 
1.48207 1.51642 1.55169 
1.48380 1.51804 1.55319 
1.48559 -51970 1.55474 
1.48930 1.52316 1.55796 
1.49320 1.52679 1.56135 
1.49730 + 53062 1.56492 
1.50159 1.53462 1.56865 
1.50608 1.53881 1.57256 
1.51076 1.54319 1.57665 
1.51565 1.54776 1.58092 
1.52073 T55251 1.58536 
1.52602 1.55746 1.58999 
1.53150 1.56260 1.59480 


1.56212 
1.56221 
1.56233 
1.56249 
1.56268 
1.56291 
1.56317 
1.56347 
1.56380 
1.56417 
1.56457 
1.56501 
1.56549 
- 56600 
+56654 
1.56713 
1.56774 
1.56840 
1.56909 
-56981 
1.57057 
AO TAL'3 7; 
L57221 
1.57308 
1.57399 
1.57493 
1.57592 
-57693 
1.57799 
1.57909 
1.58022 
1.58139 
1.58260 
1.58384 
1.58513 
1.58645 
1.58782 
1.58922 
1.59066 
1.59366 
1.59682 
1.60014 
1.60362 
1.60727 
1.61109 
1.61507 
1.61922 
1.62354 
1.62804 


¥Y) 


Skyline 
DETERMINE FROM SKYLINE PROFILE: 
Allowable loaded deflection 
Horizontal span length (one station = 100 feet) 
Slope of span 
GIVEN: 
Cable: Diameter ____ inches Weight _———s pounds/foot 
Breaking strength _____—sikips (1 kip = 1,000 pounds) 
Facton of ‘safety — Safe working load ___ kips 
Skyline carriage weight ____—sikips 
DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) 
Subtract tension due to cable weight (fig. 11 or table 2): 
Kips Sitaslilbiy/ Eta xem) Statlons: xa aun mee tlbsryAbte. = 
Remaining cable tension capability 
DETERMINE GROSS LOAD CAPABILITY: 
Remaining tension capability _ kips 
Tension/kip of load* _ kips/kip 
Subtract carriage weight - 
Payload capability 
DETERMINE UNLOADED DEFLECTION: 
Calculate load factor: 
Remaining cable tension capability ___ kips 
Tension due to cable weight __kips/sta./lb./ft. x ____1b./ft. 


Allowable loaded deflection 


Subtract deflection change with load removed (figs. 14 to 29) = 


Unloaded deflection 


DETERMINE UNLOADED TENSION USING UNLOADED DEFLECTION (fig. 11 or table 2): 


kips/sta./lb./ft. x stations x pounds/foot 


Unit No. 


Road No. 


percent 


stations 


percent 


kips 


kips 


kips 


percent 


percent 


percent 


kips 


“Use figure 12 or table 3 when load is not clamped and is partially supported by a 


snubbing line. Use figure 13 or table 4 when the load is clamped to the skyline. 
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Figure 30.--Single-span skyline worksheet. 


Se a RSG 


Unit No. 


Skyline Road No. 


DETERMINE FROM SKYLINE PROFILE: 


Span location SpaniiNo) saseman 
Loaded-midspan deflection Benepe Lcent: 
Horizontal span length (one station = 100 feet) uo = stations 
Slope of span Bie percent 
Vertical distance from top of span to top of skyline pr ie) feet 
GIVEN 
Cable: Diameter __ inches Weight ____—s—pounds/foot : 
Breaking strength ____ kips (1 kip = 1,000 pounds) 

Hacton of isatety, aa Safe working load ___—sédkiips 

Skyline carriage weight ____ kips | 
DETERMINE REMAINING CABLE TENSION CAPABILITY: 
Safe working load (given) ee Jing | 
Subtract tension between span and top of skyline: 
Vertical: distance) masue ft.) x oe lbs /ft/1 000 snl ste 
Safe working load at top of span 5 Helios 
Subtract tension due to cable weight (fig. 11 or table 2): 
keaspisiisitrate/ Mlb inti xX. mea tSibatlons) x) sual bny/ ity. = aL S 

Remaining cable tension capability pees cps 
DETERMINE GROSS LOAD CAPABILITY: | 
Remaining tension capability De eels Ups 
Tension/kip of load* _—sikips/kip : 
Subtract carriage weight ipeenn kips 
Payload capability of span kips 


*Use figure 12 or table 3 when load is not clamped and is partially supported by 
snubbing line. Use figure 13 or table 4 when load is clamped to skyline. 


Figure 31.--Multispan skyline worksheet. 
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The FOREST SERVICE of the 

U. S. DEPARTMENT OF AGRICULTURE 
is dedicated to the principle of mul- 
tiple use management of the Nation’s 
forest resources for sustained yields 
of wood, water, forage, wildlife, and 
recreation, Through forestry research, 
cooperation with the States and private 
forest owners, and management of 
the National Forests and National 
Grasslands, it strives — as directed 
by Congress — to provide increasingly 
greater service to a growing Nation. 
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